Solvent-free microwave extraction (SFME) has been applied to the extraction of essential oils from Melissa officinalis L. and Laurus nobilis L. The results of SFME were compared with those obtained by hydro-distillation (HD) and ultrasound-assisted extraction (USE) of essential oils from dried plant materials. The compositions of the essential oils were identified by GC-MS. The essential oil obtained with SFME contained substantially higher amounts of oxygenated compounds and lower amounts of monoterpenes than the oils obtained by conventional methods. The three different extraction methods used showed differences in the compositions and contents of the essential oils.
Lemon balm (Melissa officinialis L.), family Laminaceae, is distributed throughout all Mediterranean countries. It has been used for seasoning and in medicine [1a] . There are three subspecies of M. officinialis (subsp. officinalis, subsp. inodora and subsp. altissima). However, only subsp. officinialis has commercial value and the characteristic lemony odor of lemon balm [1b] .
Laurel (Laurus nobilis L.) and its pharmaceutical properties have been known since ancient times. The leaves are chiefly used as spice in cooking and the essential oil in food technology [1c] . The essential oil is obtained mainly from the leaves. Various investigations revealed its antioxidative, antibacterial and antifungal activities [2a] , and antiepileptic [2b], gastroprotective [2c], analgesic and anti-inflammatory effects [2d] . There are a number of literature reports on the essential oils of both M. officinalis and L. nobilis.[2e-2g] Several different techniques are currently available for the extraction of essential oils from plants, including supercritical fluid, pressurized liquid, pressurized hot water, hydrothermal, water vapor, solvent, solid-phase micro, stir bar sorptive and ultrasound. Microwaveassisted extraction (MAE) methods are particularly attractive due to the fast heating of the aqueous samples [3a,3b] . MAE is a popular and developing method which has already been widely applied in solvent extraction because of its rapidity, simple instrumentation and high efficiency [3c,3d] . MAE is a viable alternative to conventional techniques for many kinds of samples [3e,3f] . MAE considerably reduces heating time, thus reducinging degradation of thermolabile components and providing more valuable essential oils [3g]. Solvent-free microwave extraction (SFME), a combination of microwave heating and dry distillation, is a new environmentally friendly technique developed in recent years. Conventional SFME is performed under ambient conditions without adding any solvent or water thus making the whole process more simple, rapid and economic [4a] . This method is based on a simple principle which involves placing plant material in a microwave reactor without any added solvent or water. The internal heating of the water in situ within the plant material distends it. EOs are evaporated by the in situ water of the plant material thus freeing the essential oil. The vapor then passes through a condenser outside the microwave cavity, where it is condensed. The distillate is collected continuously in the receiving flask where the water and essential oil form a two-phase system. The essential oil is separated directly and dried without any added solvent extraction step [4b] . For fresh plant materials, there is no need to add any solvent or water, and SFME can be used to extract essential oils directly [4c]. For dried plant Compounds listed in order of elution; HD, hydrodistillation (3h); SFME, solvent-free microwave extraction (50 min); USE, ultrasound-assisted extraction (60 min.); t,trace (<0.05%); yields expressed in g essential oil/g dry weight a Percentages obtained by GC peak area; b Linear retention indices relative to C 9 -C 23 n-alkanes on the VF-5MS column materials, however, it is necessary to moisten the samples before extraction, because the system is heated as a result of absorption of microwave energy by water in situ [4d].
In this paper, essential oils from dried L. nobilis and M. officinalis were obtained using a slightly modified SFME method. The results obtained have been compared with those from the HD and USE methods in terms of extraction yields and rates, essential oil composition and energy consumption.
The volatiles obtained by the SFME method from the dried plants were analyzed without any preliminary clean-up or solvent exchange steps by using GC-MS. Identification of the peaks was achieved from their retention indices relative to C 9 -C 23 n-alkanes on a VF-5MS column and by comparison of their mass spectral fragmentation patterns with those stored in the Wiley/NIST library data bank. The extraction time, Compounds listed in order of elution; HD, hydrodistillation (3h); SFME, solvent-free microwaves extraction (50 min); USE, ultrasound-assisted extraction (60 min.); t,trace (<0.05%); yields expressed in g essential oil/g dry weight a Percentages obtained by GC peak area; b Linear retention indices relative to C 9 -C 23 n-alkanes on the VF-5MS column yield, oxygenated fraction (%), and chemical composition of the essential oils from the two plants are summarized in Tables 1 and 2. Higher amounts of oxygenated compounds and lower amounts of monoterpene hydrocarbons were found in the essential oils obtained by SFME compared with HD and USE. Monoterpene hydrocarbons are less valuable than oxygenated compounds in terms of their contribution to the fragrance of the essential oil. The oxygenated compounds are highly odorous and hence are more valuable [5] . Solvent-free microwave extraction of essential oils Natural Product Communications Vol. 5 (1) 2010 113
In this study, the main constituents of the essential oil of M. officinalis were caryophyllene oxide (16.1%), germacrene D (8.4%) and (E)-caryophyllene (9.7%).
Although, these results are in accordance with some previously published data [2e], they differ from the most recent report in which the main constituents were citrals (geranial + neral, 39.9%), citronellal (13.7%), limonene (2.2%) and geraniol (3.4%) [6] . The major oil component obtained for L. nobilis was 1,8-cineole (42.2 %). The other important compounds were methyl eugenol (5.8 %) , α-terpinyl acetate (15.3 %) and sabinene (5.5 %) . These results are in good agreement with previously published data [7] .
From Tables 1 and 2 it is apparent that the extraction time for SFME was only 50 min. However, the times required for HD and USE were 180 and 60 min, respectively. Thus it can be seen that SFME was the quickest method of the three. These extraction conditions can be compared with literature reports [3a,5] .
In the USE method, the extraction of plant material was performed with help of soundwaves in the solvent. Using this method, other volatile compounds were also obtained, in addition to EOs. The extracted mixture was injected into the GC-MS. However, only the EO components were characterized to make a comparison with the other methods. The yields of essential oils from M. officinalis obtained by HD, SFME and USE were 0.16%, 0.15% and 0.14%, respectively, whereas the corresponding values from L. nobilis were 0.41%, 0.42% and 0.40%. The extracted essential oils from M. officinalis were pale yellow and from L. nobilis dark yellow. All oils had a characteristic odor. When extractions were completed, SFME (50 min), HD (180 min) and USE (60 min) gave almost the same yields of essential oils. However, the composition of the oils showed major differences.
During extraction, the composition of the essential oils can be affected by extraction time. The longer this is, the more chance there is of reactions, such as oxidation and hydrolysis. HD uses a large quantity of water and requires more time and energy consumption. Water is a polar solvent, and accelerates many reactions, especially those via carbocation as intermediates. On the other hand, USE requires solvent removal, whereas SFME does not require this clean-up step. The SFME method provides more valuable essential oils, reduces the extraction time, and allows a substantial energy saving. Thus, it seems that SFME is a more favorable extraction method for these plants.
Experimental
Plant material: Fresh plant materials (L. nobilis and M. officinalis) were collected in springtime, at the flowering stage, from the Toros Mountains, situated in the Mediterranean region of Antalya, Turkey. Voucher specimens were authenticated in the herbarium of the Department of Biology, Akdeniz University, Antalya, Turkey. After collection, the plant materials were allowed to dry on a bench in the shade. The aerial parts were used for M. officinalis and leaves for L. nobilis. All the plant materials were crushed (about 2-4 mm) with a commercial blender (Waring, Torrington, USA) before used for extraction. SFME apparatus and procedure: Solvent free microwave extraction was performed in a microwave oven (Beko, Istanbul, Turkey) modified to fit a Clevenger apparatus. This oven had a frequency of 2450 MHz, with a maximum delivered power of 1000W. The dimensions of the PTFE-coated cavity were 30 cm x 30 cm x 20 cm. Dried M. officinalis (280 g) and L. nobilis (140 g) were separately moistened before extraction with a small amount of water, placed in the reactor and heated by microwave irradiation with 85W power for 50 min. The extraction temperature was 100 o C, by setting the microwave extractor at maximum power. The essential oils were collected, dried over anhydrous sodium sulfate and stored at 0 o C until used.
HD apparatus and procedure: M. officinalis (280 g) and L. nobilis (140 g) were separately submitted to hydro-distillation with a Clevenger-type apparatus with 2 L water for 3 h. The essential oils were collected, dried over anhydrous sodium sulfate and stored at 0 o C until used.
Ultrasound-assisted extraction (USE):
Ultrasoundassisted extraction (USE) was performed with an ultrasound probe system (Branson Sonifer 250, Danbury, CT, USA). Different solvents were also used, such as chloroform, n-hexane and ethanol, to extract plants using the USE method. However, light petroleum and methanol were found more suitable than the other solvents for M. officinalis and L. nobilis, respectively, because of extraction yields. For this, 280 g M. officinalis was placed in a 1000 cm 3 round bottom flask and 500 mL light petroleum added to the flask. The mixture was sonicated with a Sonics and Materials Vibracell probe system at 30 kHz for 60 min. The temperature was measured as 50 o C at the end of the sonication. The extracted mixture was filtered through Whatman paper (GF/A 110 mm). The solvent was removed under reduced pressure and temperature. USE was carried out with 140 g L. nobilis in the same way by using methanol as solvent.
Gas chromatography-mass spectrometric analyses:
GC-MS analysis was performed on a Varian CP 3800 gas-chromatograph equipped with a Varian Saturn 2200 MS detector (Walnut Creek, CA,USA). The essential oil components were separated on a capillary column [Varian VF-5MS CP8944 (30m length and 0.25 mm I.D., 0.25 μm film thickness] (Palo Alto, CA, USA). The stationary phase was (5% phenyl)methylpolysiloxane. The instrument was operated in EI mode at 70 eV. The transfer line and injector temperatures were 250°C and 200 o C, respectively. High purity helium was used as carrier gas at a flow rate of 1 mL/ min. The temperature program was 60-280°C at a rate of 3°C/min. The split ratio was 1:10. The injected volume was 1μL.
